Before the onset of female fertility, we removed 12 early-settling male tree swallows (Tachycineta bicolor) from their nest-boxes and mates, and allowed replacement males which had been £oaters to settle with the original female residents. We predicted that females which had their original mate choice altered (experimentals) would be more likely to obtain extra-pair fertilizations than females which remained paired with their original, early-settling mates (controls). The proportion of females obtaining extra-pair fertilizations, however, did not di¡er between controls and experimentals, indicating that mating tactics of female tree swallows were una¡ected by mate replacement. However, di¡erences between early-settling and replacement males did exist. Replacement males had shorter wing chords than early-settling males, suggesting that they were younger. Moreover, a signi¢cantly greater proportion of replacement males than early-settling males were unringed and thus new to the study site. Our results suggest that if females are choosing males for good genes, then early-settling males are not superior in genetic quality to the smaller replacement males which had originally been £oaters.
INTRODUCTION
In many species of monogamous passerines, females are known not only to participate in successful extra-pair copulations (Birkhead & MÖller 1992) , but also to control their occurrence (Smith 1988; MÖller 1990; Venier & Robertson 1991; Wetton & Parkin 1991; Houtman 1992; Lifjeld & Robertson 1992; Gray 1996) . One explanation for extra-pair matings is that not all males are equal in quality: some may be either genetically or phenotypicallỳ better' than others, and females choose to copulate with the few high-quality males (Houtman 1992) . Male quality has typically been assessed through pairing success, but recent studies have examined potential cues of male quality through nestling paternity (Morton et al. 1990; Smith et al. 1991; Kempenaers et al. 1992; Hill et al. 1994; Otter et al. 1994; Wetton et al. 1995) .
Tree swallows (Tachycineta bicolor) are well suited to examining male quality and female preferences, because they breed in nest-boxes and are readily accessible for study. They are socially, but not genetically, monogamous: 50^87% of females obtained extra-pair young, resulting in 38^53% of all nestlings being from extra-pair fertilizations (Lifjeld et al. 1993; Dunn et al. 1994) . This high frequency of extra-pair paternity was also observed in a population of tree swallows nesting in natural cavities where 84% of females obtained extra-pair young, resulting in 69% of all o¡spring being from extra-pair fertilizations (Barber et al. 1996) . Many females are apparently making mate choices subsequent to pairing.
Tree swallows are obligate secondary cavity nesters that are nest-site limited (Holroyd 1975) . Because early arrival is critical in obtaining a breeding opportunity, pressure to be among the ¢rst to return to the breeding grounds is intense. Many individuals do not breed in a given year (Stutchbury & Robertson 1987a ), but become £oaters searching for vacancies.
The purpose of this study was to determine whether a female's initial choice of mate subsequently in£uenced her mating tactics with respect to seeking extra-pair fertilizations. We removed 12 early-settling males from their nestboxes and mates, and allowed replacement males (which had initially been £oaters) to settle with the resident females. We predicted that control females would be less likely to obtain extra-pair fertilizations than experimental females because their original mate choice was not altered (MÖller 1992) . We then determined whether males which had obtained and maintained territories early in the season di¡ered morphologically from replacement males. We predicted that replacement males would be smaller than early-settling males because they had been £oaters and might therefore be considered as lower-quality males. As replacement males were not among the early settlers, we also predicted that they would be unringed and new to the breeding site, whereas, the early settlers would mainly consist of previously ringed males returning to the study site.
MATERIALS AND METHODS
This study was conducted at the Queen's University Biological Station in southeastern Ontario, Canada (44834 H N, H W) during the spring and summer of 1993. A population of tree swallows breeds in grids of nest-boxes in the hay¢elds of the surrounding area (for description of area see Lifjeld et al. (1993) ). We surveyed 58 nest-boxes daily throughout April to determine settlement patterns by males and females. We then selected 24 of the earliest-settled nest-boxes in early April, and randomly allocated 12 males to the control and 12 to the removal groups. We caught and ringed males and females, and individually marked each one on the wings with unique acrylicpaint codes for identi¢cation. Length measurements of the right wing chord (to the nearest 0.1mm) were taken for control (n 11), removal (n 12), and replacement males (n 8) by one person (C.A.B.) in early May. Control and replacement males had the length of their right tarsus measured (to the nearest 0.1mm) in mid-June when their nestlings were six days old.
From 6 to 10 May, we removed 12 males by recapturing those which had been designated as removals, took a blood sample (100^150 ml), and then drove them either 125 or 250 km away before releasing them (Barber & Robertson 1998) . Females usually remained at the nest site after their mate had been removed (11 out of 12 females), and accepted the replacement male (10 out of 11 females). Replacement males usually settled within 3 h of the removal, and always within 24 h, concurring with results from another removal study in this species (Lifjeld & Robertson 1992) . Laying was synchronous for control and experimental females, because replacement males settled before females became fertile.
(a) DNA ¢ngerprinting
For the paternity component of this study, we collected 100 ml of blood from the metatarsal vein in six-day-old nestlings, and 100^150 ml from the brachial vein in adults. To assess the frequency of extra-pair paternity within nests, we ¢ngerprinted 11 control and eight experimental broods. Fingerprinting details, as conducted in the Queen's University Molecular Ecology Laboratory, are discussed in Yezerinac et al. (1995) with the only protocol di¡erence being that we digested the DNA with Hae III. Both the per (Shin et al. 1985) and Je¡reys' 33.15 (Je¡reys et al. 1985) probes gave identical results in classifying a nestling as within-pair or extra-pair. We therefore combined the bands for both probes and recalculated band-sharing coe¤cients (D) for nestlings (Wetton et al. 1987) . We scored a mean number of 44.8 AE 1.0 bands per individual (n 102 nestlings) for both probes combined (range of 11^63 bands).
The criteria for classifying a nestling as extra-pair were that the nestling must have, for both probes combined: (i) a bandsharing coe¤cient of less than 0.40 with the social male or female, and (ii) more than four novel bands (cf. Lifjeld et al. 1993; Barber et al. 1996) .
(b) Data analysis
Although 12 male removals were done, we could use the paternity results from only eight nests owing to: (i) the return of two removal males to their nest-boxes; (ii) a female relocating to another nest-box after her male was removed; and (iii) a nest failure. Of the 12 control nests, we had to exclude one from the paternity results owing to nest failure at the egg stage. When testing for familiarity with the breeding grounds, we used data collected on the 12 control males, 12 removal males, and the ten replacement males.
We detected no morphological di¡erences between the control and removal males (early settlers) (two-tailed tests), so we pooled these groups and tested for signi¢cant di¡erences between early-settling and replacement males. We used onetailed tests when testing the a priori predictions we had made during the designing of this study.
All data were tested for normality by using the Shapiro^Wilk W test. Results were corrected for ties, when necessary. All t-tests are unpaired unless otherwise speci¢ed. Data are means AE s.e.
RESULTS

(a) Control and experimental females
Contrary to our prediction, control and experimental females did not di¡er in their propensity to obtain extrapair fertilizations (one-tailed Fisher's exact test: n 19, p 0.66). Seven out of 11 control females (64%), and ¢ve out of eight experimental females (63%) had broods containing extra-pair young (¢gure 1). Although our sample size is small and the power of our test is therefore low, the direction of our result is counter to that which we had predicted. Therefore, it seems unlikely that a larger sample size would have led to the detection of a signi¢cant di¡erence in the predicted direction.
Most experimental females appeared to allow any male to settle: no ¢ghts were observed between experimental females and replacement males. However, one female did not allow any male to settle with her after her mate was removed on 10 May, and continuously fought o¡ males (Barber & Robertson 1998 ). Her original mate successfully homed by 12 May and sired six nestlings with her (no extra-pair young were in the brood). Another female deserted the nest-box after her original mate was removed and discovered a new vacancy at another nestbox, settling there with the resident male. She subsequently had extra-pair young in her brood.
The proportion of females ringed in previous years (which were therefore familiar with the study site) did not di¡er between the control (4 out of 11) and the experimental groups (4 out of 11) (two-tailed Fisher's exact test: n 22, p 1.0). The ¢rst copulation was observed on 8 May. Experimental females copulated readily with replacement males (we observed six out of the eight pairs copulating, and know that the other two pairs also copulated as con¢rmed by the presence of within-pair young in their nests). Control and experimental females did not di¡er in mean laying date (18 May for both, MannŴ hitney U-test: U 50.5, n 12, 8, p 0.85). The ¢rst eggs were laid by a control female on 14 May, and by an experimental female on 15 May.
Out of all the embryos and nestlings, alive and dead, that were ¢ngerprinted, 33.3% (21 out of 63) in the control group and 17.9% (7 out of 39) in the experimental group were extra-pair young. None of the seven extrapair young from the experimental group was sired by the removal male, indicating that we were successful in removing the males before the females' fertile period began.
There were no instances of intraspeci¢c brood parasitism. All embryos and nestlings were the genetic o¡spring of the female at the nest, having a mean bandsharing coe¤cient of 0.61 AE 0.01 (n 102) with her. The mean band-sharing coe¤cient for within-pair nestlings and the genetic father was 0.59 AE 0.01 (n 74), whereas that for extra-pair nestlings and the social father was 0.28 AE 0.01 (n 28). This latter value is similar to the background band-sharing coe¤cient found for unrelated adults (the control and experimental pairs) in this population (0.29 AE 0.01, n 19 pairs).
(b) Early-versus late-settling males
Replacement males had signi¢cantly shorter wing chords than early-settling males (119.6 AE1.36 mm compared with 121.5 AE 0.37 mm, t 1.856, n 8, 23, p 0.037). The percentage of males ringed in previous years (i.e. returning males as opposed to newly ringed males) was signi¢cantly greater within the early-settling group (16 out of 24) than within the replacement group (2 out of 10) (66.7% compared with 20%; one-tailed Fisher's exact test: n 34, p 0.017). However, early settlers and replacement males were similar in mass (21.0 AE 0.25 g compared with 21.6 AE 0.50 g, t À1.072, n 20, 5, p 0.15). Tarsus length did not di¡er between control and replacement males (14.6 AE 0.15 mm compared with 14.4 AE 0.18 mm, Mann^Whitney U-test: U 54.5, n 11, 8, p 0.18).
DISCUSSION
Control females, despite remaining paired with earlysettling males with which they had originally settled, were as likely to obtain extra-pair fertilizations as females that became paired with replacement males. Female tree swallows arrive on the breeding grounds after males, and select both the nest site and the male simultaneously . Our results indicate that females are not exercising ¢nal mate choice when they ¢rst pair, but are instead settling randomly with regard to males, trying only to secure a breeding opportunity (nest-box and any male). Nestling care in this species is biparental with males usually providing half of the feedings (Le¡elaar & Robertson 1986 ), regardless of nestling paternity (Lifjeld et al. 1993) . The choice of which male sires a female's o¡spring occurs during her fertile period, when she decides whether or not to engage in extra-pair copulations.
Surprisingly, despite rejecting our hypothesis that mate removal would subsequently a¡ect a female's mating tactics, some expected di¡erences between early-settling and replacement males did exist. Replacement males had signi¢cantly shorter wing chords than early-settling males, suggesting that they were younger (Stutchbury & Robertson 1987b) . Younger birds might return later from migration. Moreover, a signi¢cantly greater proportion of replacement males than control males had never before bred on this study site, and this unfamiliarity could account for their later arrival. Owing to the absence of vacant nest-boxes, later-arriving males become £oaters searching for a nesting opportunity. The replacement males were not residents on any of the study sites. Their active intrusions onto several territories in the two weeks prior to their residency a¤rm that they were £oaters, and not males simply upgrading their nesting site.
It may very well be, post hoc, that experimental females were the only ones that were able to exercise true mate choice. Given that nesting sites are a limited resource for tree swallows, and that competition for cavities is extremely high, the main priority of females ¢rst settling in spring is to obtain a nest-box, any nest-box, regardless of the mate that comes with it. The removal of some females' mates may unexpectedly have given females the ability to choose their subsequent mate. This possibility might explain the lower frequency of extra-pair young within their broods (18% for experimental females compared with 33% for controls), which is opposite to what we had anticipated.
The similar frequency of control and experimental females having extra-pair young in their broods suggests that if females are choosing males on the basis of good genes, then early-settling males are not superior in genetic quality to the smaller replacement males which had originally been £oaters. Resident females have been observed engaging in extra-pair copulations with £oater males (Barber & Robertson 1999) . Females may therefore be assessing males for good genes using cues that are separate from a male's size, familiarity with the breeding site, date of settlement, or even whether he is a resident or a £oater. Alternatively, females may be engaging in extrapair copulations for other genetically based bene¢ts such as genetic compatibility (Brown 1997) , genetic diversity of the o¡spring (Williams 1975) , increased sperm competition (Harvey & May 1989; Madsen et al. 1992) or to ensure against mate infertility (Gibson & Jewell 1982; Buitron 1983 ). Although our results do not allow us to reject the good-genes hypothesis, they do indicate that if selection of good genes is the reason for females obtaining extra-pair fertilizations, then early-settling males are not perceived by females as having better genes than £oaters.
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